Introduction
The ATP-sensitive K þ (KATP) channel is a macromolecular complex made of four pore-forming inward rectifier K þ channel (Kir) subunits and four regulating sulphonylurea receptor (SUR) subunits that contain two nucleotide-binding folds sensitive to the cytoplasmic ATP/ADP ratio; channel closure occurs when this ratio rises (Aguilar-Bryan et al., 1998; Higgins, 2001) . Since its discovery in the cardiac cells (Noma, 1983) , the KATP channel has been found in various other tissues where it regulates important physiological functions such as insulin secretion, excitability of muscle fibres and neurons and vascular tone (Rodrigo and Standen, 2005) ; thus, the search for pharmacological agents able to modulate its activity is an important task, often complicated by the poor tissue specificity (Seino and Miki, 2003; Mannhold, 2004) . The characterization of channel molecular structure (AguilarBryan et al., 1995; Inagaki et al., 1996) has allowed us to see how modulators physically interact with KATP channels to exert their effect according to the different subunit composition: SUR1/Kir6.2 in pancreas; SUR2a/Kir6.2 in cardiac and striated muscle fibres; SUR2b/Kir6.2 in smooth muscle cells; SUR2b/Kir6.1 in vascular cells (Seino, 1999) . Although recent studies in the heart and in skeletal muscle suggest that the above compositions are not as fixed as proposed previously (Morrissey et al., 2005; Tricarico et al., 2006) , they still are the basis for finding tissue-specific modulators, with less side effects with respect to the available drugs. 2-propyl-1,4-benzoxazine (AM10) is a recently synthesized compound that has been shown to exert a dualistic action on the native skeletal muscle KATP channel, showing, in the presence of ATP a potassium channel opener (KCO) activity (nanomolar range), that reverses at higher concentrations, whereas an antagonistic action predominates in the absence of ATP. A dual hypothesis has been proposed to explain this peculiar behaviour: the ability of the compound to bind two distinct sites of skeletal muscle KATP channel complex with opposite action or, rather, a single site whose drug affinity and/or effect are modulated by ATP or generally by tissue metabolism (Tricarico et al., 2003) . The use of native pancreatic b cells, which have KATP channels differing from those of skeletal muscle in the SUR subunit while retaining the same Kir subunits, may help to understand if the effects of AM10 depend upon the subunit composition and the tissue metabolism in its native environment. In the pancreatic b cells, the KATP channels control the membrane potential, its glucose-induced fluctuations and are critical in the regulation of insulin secretion (Cook and Hales, 1984; Ashcroft and Rorsman, 1989; Rolland et al., 2002a; Juhl and Hutton, 2004) , and are thus the target of clinically relevant drugs. Indeed, SUR1 contains binding sites for two classes of therapeutic drugs, the sulphonylureas and the KCO that inhibit and activate KATP channels, respectively. The sulphonylureas, by blocking the KATP channels, enhance insulin secretion, and are among the most powerful oral hypoglycaemic compounds used to treat type II diabetes (Malik and Trence, 2003) . The KCOs such as diazoxide block insulin secretion by opening the KATP channels, and are used for instance to treat children affected by persistent hyperinsulinemic hypoglycaemia of infancy (Hansen et al., 2004) .
The present study was performed to examine the effect of the AM10 on KATP channels of native pancreatic b cells. The use of a native system was intended to ensure a proper comparison of the effects of AM10 between the two tissues (present study and Tricarico et al., 2003) , as it appears increasingly obvious that both the cellular environment (Krauter et al., 2001 ) and the plasma membrane itself modulate the properties and the selectivity of the channels (Garavaglia et al., 2004) . The results obtained prompted us to look next at the effects of AM10 on the K þ current resulting from the expression of Kir6.2DC36 in tsA201 cells, allowing us to assess how much the effect of AM10 was related to an action on the Kir subunit, in the absence of the SUR subunits. Finally, the peculiar action of this compound induced us to an in vivo evaluation of the effects of AM10 on blood glucose.
Methods
All experiments were conducted in accordance with the Italian Guidelines for the use of laboratory animals, which conform with the European Community Directive published in 1986 (86-609-EEC).
Cells Preparation of cells. The method of preparation of pancreatic b cells and the criteria used to identify them has been described in a previous study (Rolland et al., 2002b) . Briefly, the pancreases were taken from non-diabetic Naval Medical Research Institute mice killed by cervical dislocation. Pancreatic islets were isolated, dissociated into single cells. The medium used for the preparation of islet cells contained (in mM): 120 NaCl, 4. Studies on the Kir6.2DC36 channel in tsA201 cells used the Kir6.2DC36 (mouse) inserted in the mammalian expression vector pCDNA3 and was generously provided by Professor Frances M Ashcroft. The tsA201 cells (a SV40-transformed variant of the HEK293 human embryonic kidney cell line) were cotransfected with 10 mg of plasmid DNA encoding the channels and lower amount of plasmid DNA encoding CD8 receptors, using the calcium phosphate coprecipitation method (Desaphy et al., 2001) . For patch-clamp recordings (36-72 h after transfection), successfully transfected cells were identified using Dynal microbeads coated with anti-CD8 antibody (Dynal AS, Oslo, Norway).
Solutions
For perforated whole-cell patch-clamp recordings, the extracellular solution contained (in mM): 140 NaCl, 4.8 KCl, 2.5 CaCl 2 , 1.2 MgCl 2 , 10 HEPES (pH 7.4), and various concentrations of glucose. The pipette solution contained (in mM): 70 K 2 SO 4 , 10 NaCl, 10 KCl, 3.7 MgCl 2 and 5 HEPES (pH 7.1).
The electrical contact was established by adding amphotericin B to the pipette solution (stock: 60 mg ml À1 in dimethylsulphoxide (DMSO); final concentration: 300 mg ml
À1
). The tip of the pipette was filled with amphotericin-free solution, and the pipette was then back-filled with the amphotericincontaining solution. The voltage-clamp was considered satisfactory when the series conductance was 435-40 nS.
For inside-out patch-clamp recordings, the bath solution contained (in mM): 130 KCl, 4.6 CaCl 2 , 10 EDTA and 20 HEPES (pH 7.2). When indicated, trypsin (100 mg ml À1 ) was added in the bath solution just after establishment of the inside-out configuration and the compound tested was added 10 min later. The intrapipette solution contained (in mM): 130 KCl, 2 CaCl 2 , 1 MgCl 2 , 10 EGTA and 20 HEPES (pH 7.4).
For conventional whole-cell patch-clamp recordings, performed on the tsA201 cells, extracellular solution contained (in mM): KCl 140, HEPES 10, MgCl 2 1.4, EGTA 1 and glucose 10 (pH 7.4). The pipette solution had the same composition, but 10 mM ATP was added.
In vitro experiments Electrophysiological recordings. Patch-clamp measurements were carried out using the voltage-clamp mode (perforated and conventional whole-cell and inside-out configurations) and the current-clamp mode. All experiments were performed at room temperature (20-221C), using an Axopatch200B patch-clamp amplifier (Axon Instruments, Foster City, CA, USA) and the software pClamp8. Patch pipettes were pulled from borosilicate glass capillaries (World Precision Instruments, Hertfordshire, UK) to give a resistance of 4-5 MO.
During conventional whole-cell recordings, once a GO seal was formed, the patch was ruptured and cells were allowed to dialyse with the pipette solution. All whole-cell recordings were made under symmetrical K þ conditions (140 mM) using hyperpolarizing 200 ms long voltage steps of À100 mV from a holding potential of 0 mV, applied every 10 s. Data were acquired and analysed using the same hardware-software mentioned above. After waiting several minutes for the stabilization of whole-cell current, the amplitude of potassium current was estimated as the current blocked by 2 mM barium chloride. Experiments were started after this initial period.
During perforated whole-cell recordings, KATP channel current (I KATP ) was monitored by 100 ms duration pulses of 720 mV from a holding potential of À70 mV.
During the single-channel current recordings with the inside-out configuration, tolbutamide (0.5 mM) was added in the bath before any recording to assess that I KATP was recorded. The open-time probability (Po) of the single channel was calculated according to the equation Po ¼ (To:Ttot):N; To is the total opened time during the interval considered (Ttot) and N is the number of channels under the patch of membrane. The density of current flowing through the patch membrane after trypsin treatment was so high that it was not possible to determine the Po. In this case, we used a technique described elsewhere by us to measure I KATP and its inhibition by AM10 (Tricarico et al., 2003) . Briefly, the current values were calculated by digital average of the sample points over 30 s; I KATP was determined by subtracting the baseline level of the currents (measured in the presence of 10 mM ATP) from the open-channel level.
In vivo experiments Intraperitoneal glucose tolerance test. These tests were carried out on four groups of 8 weeks-old non-diabetic mice following an overnight fast. AM10 (2 or 10 mg kg À1 ), Glibenclamide (2 mg kg À1 ), both dissolved in a solution containing polyoxyethylenesorbitan-monooleate (10%) and NaCl 0.9% (90%) or the latter vehicle solution, were injected intraperitoneally (i.p.) at a constant volume of 0.15 ml, 30 min before glucose loading. Mice were given 2 g kg À1 glucose via i.p. injection just after the first glycaemia determination (time 0). Blood was drawn from a tail vein at 0, 15, 30, 60 and 120 min and the blood glucose level was measured by the glucose oxidase method (Glucometer Elite, Bayer-Schweiz-AG, Zurich, Switzerland). The 'normalized' area under curves (AUCs) were determined using as reference the fasting glucose concentration (t 0 -value) to minimize the importance of the 'starting value'. Each group was composed of five mice. No macroscopic signs of toxicity were observed in either glibenclamide-or AM10-treated mice during the test and thereafter.
Presentation and analysis of the results
Experiments are illustrated by traces, means or representative results obtained with the indicated number of cells from at least three different cultures. The statistical significance of differences between means was assessed by unpaired Student's t-test. Differences were considered significant (*) at Po0.05. Comparisons between more than two means were based on variance analysis (ANOVA) followed by Bonferroni's t-test.
The concentration of AM10 that produces a 50% block of I KATP (IC 50 ) was determined by using a nonlinear least-squares fit of the concentration-response curve to the following logistic equation:
where 'Effect' is the percentage of change of I KATP , 'Maximal effect' is the maximal percentage block of I KATP , K is the IC 50 , n is the logistic slope factor and [AM10] is the molar concentration of the AM10.
Materials
The synthesis of AM10 ( Figure 1 ) has been described previously (Tricarico et al., 2003) . As this compound is poorly soluble in the bath solutions used here, AM10 was prepared in a stock solution of 10 mM in DMSO. This allowed the preparation of diluted solutions never exceeding 0.01% DMSO as final percentage, up to 1 mM. This was important as DMSO may have potential effect on the function of b cells (Kemp and Habener, 2002) . To test the highest concentration of 100 mM AM10, we had to increase the amount of vehicle, with a final concentration of 1% DMSO; when this concentration was tested, the effect of the vehicle alone was also monitored to verify the lack of any significant effect. All other chemicals were purchased from Sigma (Milano, Italy).
Results
AM10 does not increase KATP channel activity of native-isolated pancreatic b cells Patch-clamp experiments were performed using the perforated whole-cell configuration. In the presence of 10 mM of glucose in the bath, more than 90% of the KATP channel activity is blocked (Sakura et al., 1998; Garcia-Barrado et al., 2001) , the ATP/ADP ratio is high (Detimary et al., 1998) , so that it is possible to observe the effect of agonistic compounds. We first verified that the KATP channels were present and functional, by the application of diazoxide, a well-known KCO that interacts mainly with SUR1 and weakly with SUR2b, which in fact augmented I KATP in a dosedependent manner. On the contrary, cromakalim at 200 mM, which allows it to exert an agonist action on the SUR2 subunits, did not elicit any significant effect (Figure 2a ). Using the same protocol, we could not detect any increase of KATP channel activity after AM10 application in the concentration range of 0.1-100 mM (Figure 2b and c) . On the contrary, a tendency of AM10 to decrease this activity was observed (Figure 2c ). Moreover, AM10 did not seem to interfere with the diazoxide-binding site on SUR1 as the application of 200 mM of this KCO in the absence or in the presence of the benzoxazine derivative induced a similar augmentation of I KATP (Figure 2c ).
AM10 reduces KATP channel activity of native-isolated pancreatic b cells As the above results suggested that AM10 exerts an antagonist effect on pancreatic b cell KATP channels, we set out to evaluate this possibility. In order to open the KATP channels maximally, we used NaN 3 a mitochondrial poison that reduces ATP production and ATP/ADP ratio and leads to a maximal KATP channel activity (Atwater et al., 1979) . Figure 3a shows the time course of I KATP amplitude of a cell continuously perfused with NaN 3 (5 mM) and successively exposed to 0.5 mM tolbutamide or 10 nM AM10 (Figure 3a) . Addition of AM10 induced a sustained and reversible inhibition of I KATP (Figure 3b ), which was concentrationdependent and reached a maximum of 60% at 1 mM. This degree of block was the maximum, as the application of 100 mM AM10 did not further reduce I KATP . The half-maximal effective concentration (IC 50 ) of AM10 estimated after fitting the data to a sigmoid function, fixing the maximal effect at 60% of inhibition, was 11.5 nM with a Hill coefficient of 0.42 (Figure 3c) . Interestingly, the maximal block of I KATP exerted by this class of compounds in the skeletal muscle in the absence of ATP ranged between 40 and 60% (Tricarico et al., 2003) .
We then performed a series of experiments using the inside-out configuration of the patch-clamp technique and monitoring the spontaneous single-channel currents recorded at a pipette potential of À40 mV (Figure 4) . Application of tolbutamide (0.5 mM) or ATP (100 mM) in the bath completely inhibited channel activity (data not shown), indicating that the recorded single-channel current corresponds to I KATP . Application of AM10 (100 nM) to the bath solution lead to a more than threefold reduction of the channel open probability (Figure 4b) . The mean open time in our preparations was comparable to that observed by others in native cells (Larsson et al., 1993; Branstrom et al., 1998) (control: 36.472.5 ms, n ¼ 8 vs AM10 100 nM: 32.973.4 ms, n ¼ 6) and the average single-channel conductance (control: 54.571.7 pS, n ¼ 12 vs AM10 100 nM: 5572.4 pS, n ¼ 6) was similar with or without the benzoxazine derivative, whereas the mean interburst time was clearly augmented in the presence of this latter (control: 545759 ms, n ¼ 12 vs AM10 100 nM: 18417299 ms, n ¼ 6, Po0.001). The effect observed was readily reversible, ruling out a possible change in the number of channels as a possible cause of the observed effect. To compare our results with those obtained on the skeletal muscle (Tricarico et al., 2003) , we also performed experiments in excised patches where AM10 (0.1 and 100 mM) was applied in the presence of 100 mM ATP in the bath. In these conditions, I KATP was again blocked and no agonistic activity could be detected (n ¼ 6 and 3, respectively; data not shown).
AM10 reduces KATP channel activity via an interaction with Kir6.2 To determine whether AM10 exerts its effect on the SUR or on the Kir subunit, we performed three other series of experiments.
First, again in inside-out patches (from native pancreatic b cells), 10 mg ml À1 of trypsin was added in the bath solution (internal side of the membrane) just after the establishment of the inside-out configuration. This enzymic treatment is known to dissociate the Kir subunit from the SUR subunits. Under these experimental conditions, in agreement with what observed by others (Nichols and Lopatin, 1993) , tolbutamide (500 mM) was without any effect on the KATP channel activity, whereas ATP (10 mM) still maintained its blocking activity (data not shown), reflecting their binding to the SUR and the Kir subunit, respectively. Under the same experimental conditions, application of AM10 (100 nM) still inhibited the KATP channel activity (Figure 5a ), reducing I KATP by 6476.1% (n ¼ 9), indicating that the benzoxazine derivative may bind to Kir. Then, to confirm the latter hypothesis, we tested the effects of AM10 on the K þ current resulting from the expression of Kir6.2DC36 in tsA201 cells (see Methods section). This truncated mutant reaches the plasma membrane and leads to a functional channel in the absence of the SUR subunit (Tucker et al., 1997) . Figure 5b shows that AM10 exerts a clear block of the current, whereas in the same experimental conditions tolbutamide (100 mM) did not exert any effect (data not shown). The effect of AM10 on the Kir6.2DC36 current was concentration-dependent and the block observed at the highest concentration tested (100 mM) was 6072.1% (n ¼ 3). The half-maximal effective concentration (IC 50 ) of AM10 estimated after fitting the data to a sigmoid function, fixing the maximal effect at 60% of inhibition, was 12.7 nM with a Hill coefficient of 0.44. Finally, we showed that the channel activity that remained after AM10 application was totally blocked by a further addition of 10 mM ATP in the bath solution (inside-out configuration of the patch-clamp technique; heterologous expression of Kir6.2DC36 in tsA201 cells) (Figure 5c ). 
AM10 depolarizes the plasma membrane of isolated native pancreatic b cells
In the light of the importance of the KATP channels in the control of the membrane potential in pancreatic b cells, another series of experiments were undertaken to evaluate the effect of AM10 on this parameter using the currentclamp mode of the patch-clamp technique (perforated whole-cell configuration). All the following experiments were performed on native cells, electrically active in the presence of 10 mM of glucose in the bath solution as the presence of electrical activity in these experimental conditions is a hallmark of the insulin-secreting cell. Addition of diazoxide (0.2 mM) or tolbutamide (0.5 mM) to the extracellular medium hyperpolarized or depolarized the plasma membrane, respectively, whereas application of cromakalim (0.2 mM) was without effect (data not shown). The application of AM10 1 mM in the presence of 10 mM glucose increased the electrical activity (Figure 6a) . Thereafter, AM10 was tested when the cells were perfused with 6 mM of glucose (i.e. under the threshold for electrical activity of a pancreatic b cell within mouse islets (Henquin and Meissner, 1984) to see if the benzoxazine derivative was able to induce electrical activity. Under these conditions, AM10 always induced a depolarization of the plasma membrane. This latter leads to the appearance of an electrical activity in 2/4 and 4/4 cells when 0.1 and 1 mM were applied, respectively (Figure 6b) . Importantly, AM10 never did hyperpolarize the plasma membrane as a KCO should have done; on the contrary, it exerted a dose-dependent depolarizing effect (Figure 6c ).
In vivo effects of AM10
The pharmacological profile of AM10 is unusual in that it inhibits the KATP channels in the pancreatic b cell while it activates them in the skeletal muscle, in the same concentration range. This peculiarity prompted us to evaluate its effects in vivo. Because of the differences observed between AM10 and the sulphonylurea, we compared their respective effect by an i.p. glucose tolerance test, as described in the Methods section. Administration of 2 g kg À1 of glucose to control mice injected with the vehicle, 30 min before the first measurement of blood glucose, resulted in a typical increase in blood glucose levels from a basal value of 0.927 0.04 to a peak of 3.1670.21 mg ml
À1
. The animals treated with AM10 at either 2 or 10 mg kg À1 had a fasting blood glucose level not significantly different from that of the control mice (Figure 7b, left panel) . However, treatment with the benzoxazine derivative lead to a dose-dependent reduction of the blood glucose response to the i.p. glucose load (peak value: 1.8270.11 and 1.4570.09 mg ml À1 for 2 and 10 mg kg
, respectively, Po0.05 vs control values; Figure 7a ). AM10 also limited the duration of the rise in blood glucose. In control animals, the blood glucose was still raised above the fasting level 60 min after the bolus (1.3570.10 and 0.9770.10 mg ml
, respectively, Po0.05), but in animals pre-treated with AM10, at the two concentrations tested, blood glucose was back to normal at this time. The dose-dependent effects of AM10 are also underlined by the fact that 30 min after pre-treatment with the higher dose (10 mg kg À1 ), blood glucose levels were normal, whereas in the animals pre-treated with 2 mg kg À1 AM10, normalization of the blood glucose needed 60 min. Glibenclamide pretreated animals (2 mg kg À1 ) showed the most significantly improved glucose tolerance curve, with a peak glucose of 1.02470.05 mg ml À1 and also a marked decrease in fasting blood glucose concentration (0.6670.032 mg ml
; Po0.05 vs comtrol; Figure 7b, left panel) . Finally, it has to be underlined that the peaks of blood glucose following the glucose loading for the three groups of treated animals are different between each group (Figure 7a) . Accordingly, mice treated with AM10 and glibenclamide showed a significant decrease in the normalized AUC (nAUC) of blood glucose during the i.p. glucose tolerance test with respect to control animals ( Figure 7b, right panel) . Interestingly, no difference in the nAUC of blood glucose was observed between the group of mice treated with AM10 (10 mg kg
) and the one treated with glibenclamide (2 mg kg À1 ) (Figure 7b , right panel).
Discussion
This work was aimed at evaluating the effects of a newly synthesized AM10 in native mouse pancreatic b cells in order to better define its pharmacological profile and tissue specificity. Surprisingly, we observed that in our experimental conditions, AM10 did not show a KCO activity in the pancreatic b cell, while it provoked a concentration-dependent closure of KATP channels via a direct inhibition on the Kir subunit, which lead to depolarization of the plasma membrane. As already demonstrated (Tricarico et al., 2003) , within the same range of concentrations, AM10 is clearly a KCO in skeletal muscle. In vivo experiments show that AM10 was able to accelerate the restoration of blood glucose to normal after an i.p. glucose bolus.
AM10 exerts a different action on KATP channels of native pancreatic b cells and skeletal muscle
The present results clearly show than AM10 mainly blocks pancreatic b cell KATP channels, whereas in the same concentration range it presents a dualistic action in the skeletal muscle. Two hypotheses, based on a mathematical model (Rovati and Nicosia, 1994) , were previously proposed to explain the dualistic effect of the benzoxazine derivatives on the KATP channels in skeletal muscle fibres (Tricarico et al., 2003) . First, these molecules may exert two opposite effects by binding to two distinct sites of the channel: a stimulatory site available for drug binding in the presence of ATP, and an inhibitory one which is unmasked in the absence of the nucleotide. Alternatively, both effects may result from a unique binding site changing its affinity according to the ATP concentration. The results obtained in the present study with the pancreatic b cell reinforce the first hypothesis. Indeed, we show here, with patch-clamp experiments using the inside-out configuration, that AM10, in the concentration range used, does not enhance I KATP either in the absence or in the presence of ATP. These results are in line with those obtained in perforated patch (voltageand current-clamp) . Moreover, apart from the different absolute potency, AM10 maintained a very similar cromakalim-like profile in skeletal muscle. In this regard, it is important to remember that, in general, KCOs may recognize the different SUR subunits based on their relative affinity and the metabolic state of the cell. Recent molecular biology experiments underlined that the basis for the high affinity of SUR2 for cromakalim-like openers mostly resides in the presence of a hydrophobic amino acid (leucine) on the last transmembrane segment of SUR2 which is replaced in SUR1 by a polar amino acid (threonine) (Moreau et al., 2000) . This difference may account for the weak ability of SUR1 to establish a strong hydrophobic interaction with the aromatic moiety of cromakalim and other KCOs, including the benzoxazine derivative under investigation. With this in mind, it is reasonable to propose that, in our experimental conditions, the lack of agonistic effect of AM10 in the concentration range used in pancreatic b cells is due to the reported structural differences in the KCO binding site on SUR subunits between tissues.
In the skeletal muscle, the dualistic action may result from the fact that at low concentrations the inhibitory effect of AM10 is masked by the action on the stimulatory site that the benzoxazine derivatives activate with higher potency (Tricarico et al., 2003) . Thus, the compound first saturates the stimulatory site and then the inhibitory one, reflecting the dualistic action. In contrast, on the pancreatic b cell KATP channel, the stimulatory binding site for AM10, if present, has such a low affinity that, in our experimental conditions, we only observe an antagonistic effect.
AM10 and the sulphonylureas block the KATP channels of native pancreatic b cells in a different manner Our results strongly implied that the block of I KATP exerted by AM10 is different from the one exerted by the sulphonylureas. First, we found that the Hill coefficient for the concentration-response curve of AM10 on both native channels and expressed Kir6.2DC36 is lower than 1. This finding strongly suggests that the inhibition of the KATP channel requires the binding of more than one molecule of AM10 on the channel complex. The question of how many molecules of sulphonylurea must bind to the I KATP channel to induce its inhibition is still debated (Dorschner et al., 1999; Russ et al., 1999) . Anyway, these two studies showed that the curves resulting from KATP inhibition by the sulphonylureas always gave a Hill coefficient close to 1. Then, it should be underlined that the chemical structure of the sulphonylureas and the benzoxazine derivatives are very different. In particular, the latter have a positive charge owing to the protonation of the pyridine nitrogen at physiological pH (Figure 1) , and also do not present the anionic group that has been defined as an essential requisite for the sulphonylureas to bind to their specific site on the SUR subunit (Meyer et al., 1999) . We have also shown here that the benzoxazine derivative was still able to block the KATP channel activity after exposure of the internal face of the membrane patches to trypsin. This enzymic treatment has been reported to prevent the modulation of the KATP channels by agents that interact with the SUR subunit (MgADP, or sulphonylureas), whereas inhibition by ATP that binds to Kir remains unchanged (Nichols and Lopatin, 1993; Proks and Ashcroft, 1993; Branstrom et al., 1998) . Finally and most importantly, Kir6.2DC36 current is diminished by AM10 in the same range of concentrations that inhibit I KATP in native pancreatic b cells and the residual current is inhibited by ATP. Thus, the present study demonstrated that AM10 binds to the Kir6.2 subunit and probably at a site different from that binding ATP. Further studies using specific mutants for the ATP-binding domain of the Kir6.2DC36 (Reimann et al., 1999) will be helpful to verify our finding. It is however of interest to point out that the presence of an inhibitory binding site on Kir6.2 has been already hypothesized (Proks and Ashcroft, 1997; Gribble et al., 1998; Henquin, 2004) .
In vivo implications A preliminary in vivo assessment of the effect of AM10 allowed us to observe a dose-dependent attenuation of the induced elevation of blood glucose. Surprisingly, AM10, at the dose of 10 mg kg À1 reduces the nAUC of the blood glucose to the same extent as 2 mg kg À1 glibenclamide, but this effect is not accompanied by a reduction of the fasting blood glucose level. It has to be pointed out that AM10 was used only at a fivefold higher dose that glibenclamide, which has an affinity for pancreatic b cell KATP channels about 200-fold higher (Gromada et al., 1995) . Thus, we cannot rule out that the lack of effect on fasting glucose of our compound results from the different potency of the two drugs on the target tissue. An alternative interpretation for the difference between the two classes of compounds on fasting glucose could be that the decrease of blood glucose owing to an insulinotropic effect of AM10 through the closure of pancreatic b cell KATP channels is somehow counterbalanced by its KCO action at the skeletal muscle (Tricarico et al., 2003) . On the other hand, the inhibitory effect exerted by glibenclamide on both tissues (Pulido et al., 1996; Minami et al., 2004) accounts for the damaging reduction of the fasting blood glucose level (Rendell, 2004) . In fact, it is now well documented that the closure of KATP channels in skeletal muscle is a mechanism through which a drug may increase glucose uptake, whereas the opposite is observed with KCOs (Wasada et al., 2001) . The detailed pharmacokinetics of AM10 are not known and thus a proper comparison of the in vivo effects of these compounds is not yet possible and no therapeutic outcome can be predicted from this preliminary in vivo study. Nevertheless, it must be emphasized that the observed hypoglycaemic effect is supported by the in vitro results in the two tissues.
Deeper insights in the effects of AM10 on the other KATP channels and in the structure-activity relationship of these benzoxazine derivatives, both in vitro and in vivo, may lead to improvements in their physico-chemical properties as well as to the design of new drugs. For instance, it has been proposed that compounds able, within the same range of concentration, to inhibit I KATP in the pancreatic b cell and to increase it in vascular muscle that contains SUR2b, the preferential target of KCO (Gribble and Reimann, 2002 ) may be of relevance to the treatment of type 2 diabetic patients with hypertension (Henquin, 2004) .
